Recently, dental implants have gained much attention for a great number of researchers in dental application. Until now, there are few reports about the properties and metabolism related to the bite force response of the newly bone formed surrounding the implants, which is poorly understood. For that reason, the purpose of this study was to elucidate the new bone formation surrounding the implants and its process of maturation by Micro-CT, polarizing microscope and FTIR analysis. Thus, the implants were inserted in the tibia of rabbits. After 4 and 8 weeks of surgical procedure, three-dimensional image of the implant and bone of non-decalcified samples was observed by Micro-CT analysis; bone structure and its maturity were seen by polarizing microscope; and finally, the PO 4 3-, CCO 3 2and Amide I elements included in the interface boneimplant and in the new bone during the course time were examined by FTIR analysis. The results of this study, analyzed by this 3 methods, demonstrated that: 1) It was observed a qualitative difference in the new bone formation and the existing bone at 4 and 8 weeks of implantation; 2) There was also a qualitative difference in the newly bone formed at 4 and 8 weeks; 3) The maturation of the new bone started from the exhibiting bone; and 4) None of the methods used in current study destroyed the samples, and reproducibility results were obtained. In conclusion, we suggest a possible qualitative evaluation of new bone formation surroundings the Ti implant.
Introduction
Titanium implants and its alloys are widely used in orthopedic and dental applications. However, some implants are not bioactive enough to form a direct bond with bone, which sometimes translates into a lack of osseointegration into juxtaposed bone that might lead to long term implant failure, where the cause is not always clarified. The reason is because there are many negative factors that affect the stability of the implant in clinical trials.
Recently, the elucidations of unknown negative factors which alter the stability of the implant are required because the implants became a popular alternative as treatment.
Moreover, the risk of the rejection of implant cannot eradicate.
The cause of the delay to evidence those negative factors related to the implant treatment is for the complexity of properties, metabolism and mechanism of bone in hard tissue research. Until now, it has been mainly reported a quantitative studies of the new bone formed surrounding the implant, and bone-implant interface [1] [2] . In contrast, few studies have focused in the qualitative of the newly bone attaching the implant.
It is well known that the bite force of an adult with complete dentition is approximately 5-40 kg [3] [4] . Because of this, we believe that dental prostheses can be the same. In order to lead a long term stability of the implant under a harsh condition is essential to acquire enough osseointegration; the minimum requirement period of time is 3 months in mandible and 6 months in maxilla 5) , which is not yet well established. In addition, the mechanism of bone formation has different stages. Thus, the developing bone tissues from its initial stage to mature bone pass for various maturation processes. So far, the amount of the new bone and the interface ratio was measured; and might the hard tissue surrounding implant similar to the existing bone?. Isn't that the bone tissue includes various maturation levels being all of them summarized in one word called new bone? The early stage of bone formation becomes an important key to obtain enough osseointegration.
Especially, there is a tissue that supports directly the implant after operation, which become a crucial element. In order to evaluate the crystallinity in the existing bone and in the new bone, it was used a polarizing microscope, Laboratory for Electron Beam Research and Application Institute of Quantum Science, Nihon University-Parametric, X-ray radiation (LEBRA-PXR), microscope Fourier transform infrared (FTIR), Micro-XRD (Micro-X-ray Diffractometer). 6 
Materials and Methods

Animals
The procedure for the care and killing of the animals was in accordance with the experimental animal committee approval agreement of the Matsuo Dental School, Japan University (approval number 07-0016). In this study, fourteen male 18-weeks-old rabbits (New Zealand White Rabbit from Sankyo Lab service, Japan) of approximately 3 kg were used. The animals were housed in a rabbit gauge and acclimatized with standard conditions (temperature: 23±1°C; humidity: 50±1%) with free access to water and food pellets (rodent diet no. RC4).
Materials
The chemical composition of Ti alloy was (wt%): Ti15, Zr 4
and Nb 4 (Ti-15-4-4). Until now, Ti-15-4-4 implants showed a great dynamic quality, corrosion fatigue strength, corrosion resistance and cell biocompatibility. For that reason, Ti alloy is expected to be a future therapeutic strategy for medical application [10] [11] .
In the present study, we implanted Ti 
Polarizing microscope analysis
The hard tissue of non-decalcified specimens contained both organic and inorganic components. For that reason, exhibit characteristic polarized light image as well as interference image due to double refraction of those components in the polarizing 13) . For this observation, it was used polarizing microscope (OPTIPHOTO2-POL ® : Nicon, Japan) with parallel nicol method, crossed nicol method and sensitive color plate method (Gypsum Plate)
FT-IR analysis
In order to investigate the distribution of the chemical component of the different groups, FTIR analysis was performed.
For this examination, we made a reflection image using Spotlight 400 (PerkinElmer, Inc.USA). We confirmed the correct area of the newly bone formed from the polarizing microscope view of the different groups at 4 and 8 weeks.
Analysis of the frequency area 4000~680cm -1 (In this study, it was excluded the analysis at more than 2000 cm -1 because enters an artifact of measurement,)
Addition time 2 times
Resolution 4cm -1
Conversion data K-K conversion, PCA analysis
Image pixel size 25ìm
Results
Micro-CT analysis
We showed However, an increase of new bone from 4 to 8 weeks was revealed. Figure 4 shows clearly the orientation of collagen fibers by sensitive color plate method and cross polarizer method. We could also observe some overlapped lamellae structure in the existing bone that is common at 4 and 8 weeks either in treated group as well as control group. The lamellae structure of bone detected 
Polarizing microscope examination
Control group
The amount of new bone formation was less in the control group compared with the treated group at 4 and 8 weeks. The collagen orientation was difficult to observe; and the maturity of the new tissue was detected almost at the same period of time of the treated group.
FT-IR analysis
In this experiment, the bone-implant interface of 2 kind of surface treatment (type 1 and 2) was evaluated. The figure 
Control group
The control group was excluded in this evaluation because there was not new bone formation.
Discussion
Recently, dental implants have gained much attention for a great number of researchers in dental application. For that reason, we believe that osteoblast and precursor cells close to the existing bone have many supplied advantages surrounding the implant. 16) . Besides, in early stage at 4 weeks, the amount of the new bone formation was higher in the upper side of the implant than in the lower part. Thus could be due to the presence of granulation tissue with endothelial cells, fibroblasts and macrophage with the secretion of cytokines and growth factor in the upper side of the implant. We believe that these cytokines and growth factors act in an early stage inducing osteoblast differentiation and bone formation.
Therefore, surrounding the implant entrance, various cytokine and growth factor are secreted from vascular endothelial cells, fibroblast as well as from macrophage forming a granulation tissue; activation of cell occur concerning osteoblast as well as bone formation; we thought it is the region that can possibly grow the bone early result.
Nuzzo et al. reported that the changes of calcium deposition
degree from woven to matured bone induced by drugs can be estimated by Micro-CT analysis. 17) . Moreover, It has been published that trabecular bone, cortical bone and intracortical porosity of mouse's femur in three dimension can be estimated 18) ; there is also reported that, three dimensionally, vessel canal system in cortical bone of human femoral neck makes the quantification possible 19) .
In the current study, the observation target is the new bone surrounding the implant, which could not obtain a high resolution being influenced for an artifact. It could not do micro observation of bone structure but it could confirm an increase of radiopacity of new bone in the treated group from 4 to 8 weeks.
All collected elements crossing the x-ray were expressed as radiopacity by Micro-CT analysis. Especially the Ca included in bone which is a heavy chemical element with high radiopacity;
when increase of amount of Ca increases also the radiopacity, that's way it is possible to observe calcification and bone mineral amount as radiopacity by CT. Therefore, the CT image revealed higher calcification in the new bone at 8 weeks compared to 4 weeks. However, in this study, an evidence of artifact in the area of new bone surrounding the Ti alloy was detected affecting the results. We hope to get solution to reduce the artifact in both hard and soft tissues.
The polarizing microscope properties exhibit characteristic of polarized light image and interference image due to the double refraction in organic as well as inorganic component of hard tissue 13) . For that reason, we could easily observe the morphological information of bone tissue which is difficult to see from a common light microscope. Besides, Back Scattering Image (BSI) has the necessity to evaporate carbon in the samples while in polarizing microscope is no necessary to apply a pretreatment in samples in the existing bone and the new bone comparing with light microscope which is commonly difficult for estimating the bone tissue without staining, as well as it is possible to obtain information about the maturity stage of bone. Nakada et al. reported that is possible to obtain information about ontogeny stage of bone surrounding the implant using polarizing microscope 21) . In this study, we could clarify the difference of The polarizing microscope properties exhibit characteristic of polarized light image and interference image due to the double refraction in organic as well as inorganic component of hard tissue 13) . For that reason, we could easily observe the morphological information of bone tissue which is difficult to see from a common light microscope. Besides, Back Scattering Image (BSI) has the necessity to evaporate carbon in the samples while in polarizing microscope is no necessary to apply a pretreatment in samples in the existing bone and the new bone comparing with light microscope which is commonly difficult for estimating the bone tissue without staining, as well as it is possible to obtain information about the maturity stage of bone.
The infrared absorption spectrum obtained by FT-IR, especially in 2000-700cm -1 called fingerprints region, is capable to obtain information about chemical structure of sample because they are characteristic molecule 23) . There are many comparative studies of normal bone and bone disease by FT-IR analysis reported until now [24] [25] [26] [27] [28] [29] ; moreover, FT-IR is a reliable technique that make possible the analysis of bone tissue [30] [31] . However, it is not Until now, there are many studies focused in the measurement of hard tissue research; however, the mechanism of bone formation as well as the process of calcification is still unknown. Also, using one method of measurement, partial or non-information was obtained; because of this it was necessary to observe the bone from all sides using several method of measurement. However, in the usual analysis of scanning electron microscope or light microscope pretreatment as evaporation, ink spattering or staining are required [34] [35] , because of this the same sample is prepared with others methods to be analyzed. All analysis used in this study do not require any pretreatment of the sample before the measurement, thus the identical area of the same specimen can be observed with different analytical method , and is able to perform a comparative study with the obtained results; at the same time it Because it is the request for the clinician, we would like to find out a solution for this problem; for that reason, we plan to study in a near future the detail of the bone formation process
Conclusions
The results of the current study analyzed by Micro-CT, polarizing microscope and FT-IR examinations indicated that:1)
It was observed a qualitative difference in the new bone formation and the existing bone at 4 and 8 weeks of implantation; 2) There was also a qualitative difference in the newly bone formed at 4 and 8 weeks;
3) The maturation of the new bone started from the exhibiting bone; and 4) None of the methods used in current study destroyed the samples, and reproducibility results were obtained.
In conclusion, we suggest a possible qualitative evaluation of new bone formation surroundings the Ti implant.
